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INPUT DEVICE AND METHOD FOR DETECTING CONTACT POSITION 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an input device used in a variety of electronic 

apparatuses including a portable telephone and a portable information device such as a note 
type personal computer or a personal digital assistant and also relates to a method for 
detecting a position of contact between a resistor and a conductor of the input device. 

2. Background Art 

10 Recently, various electronic apparatuses including a portable telephone and a 

portable information device have become more functional. These electronic apparatuses 
use an input device having a plane pad or a trackball that is operated to move a cursor or a 
pointer on a display screen for input or selection of various pieces of information. Such an 
input device is demanded of highly precise detection of an operated position or a press 

15 angle. 

Referring to FIGS. 10 through 12B, a description will be provided hereinafter of 
such a conventional input device. FIG. 10 is a conceptual illustration of the conventional 
input device. Substantially ring-shaped resistor 6 includes, at its outer periphery, a pair of 
electrodes 7A, 7C projecting in a Y direction and a pair of electrodes 7B, 7D projecting in 
20 an X direction orthogonal to the Y direction. Substantially ring-shaped conductor 2 faces 
resistor 6 across a given clearance and includes, at its outer periphery, electrode 3 projecting 
in a specified direction. These electrodes 7A to 7D and 3 are connected to controller 10 
such as a microcomputer. In this way, the input device is constructed. 

A description will now be provided of a method for detecting the press angle when a 
25 specified part of the input device having the above structure is pressed. 

As shown in a conceptual illustration of FIG. 11 A, when the pressed position is, for 
example, point A, controller 1 0 applies a voltage with electrodes 7C, 7A rendered negative 
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and positive, respectively, and detects, from electrode 3, a voltage corresponding to fixed 
resistance Rx between point A and electrode 7C. In this way, controller 10 detects point A, 
which is located fixed resistance Rx away in a clockwise direction from the negative 
electrode along the Y direction, or point B, which is located fixed resistance Rx away in a 
5 counterclockwise direction from the negative electrode along the Y direction, as the pressed 
position. 

Next, as shown in FIG. 11B, controller 10 applies a voltage with electrodes 7D, 7B 
rendered negative and positive, respectively. Controller 10 then detects, from electrode 3, a 
voltage corresponding to fixed resistance Ry between point A and electrode 7D. In this 

10 way, controller 10 detects point C, which is located fixed resistance Ry away in the 
clockwise direction from the negative electrode along the X direction, or point A, which is 
located fixed resistance Ry away in the counterclockwise direction from the negative 
electrode along the X direction, as the pressed position. Based on these detections, 
controller 10 judges that point A, which is common to the detections in X and Y directions, 

15 is pressed and determines a press angle which point A makes. Based on the press angle, 
the cursor or pointer is moved on the display screen for input or selection of the various 
pieces of information. 

However, there normally is contact resistance Rs where resistor 6 and conductor 22 
contact each other in addition to above-described fixed resistances Rx, Ry of resistor 6. 

20 Using conceptual illustrations of FIGS. 12A and 12B, a description will be provided next of 
this case. 

First, controller 10 applies a voltage with electrodes 7C, 7A rendered negative and 
positive, respectively. At that time, controller 10 detects, as the pressed position, point Al 
located contact resistance Rs away from point A, namely located contact resistance Rx+Rs 
25 away in the clockwise direction from the negative electrode along the Y direction. Next, 
controller 10 applies a voltage with electrodes 7D, 7B rendered negative and positive, 
respectively, and detects, as the pressed position, point A2 located contact resistance Rs 
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away from point A namely located contact resistance Ry+Rs away in the counterclockwise 
direction from the negative electrode along the X direction. Controller 10 then judges that 
one of detected pressed positions Al, A2 is the pressed position. Such an input device is 
disclosed, for example, in Japanese Patent Unexamined Publication No. 2002-117750. 
5 In the conventional input device described above, due to contact resistance Rs caused 

between resistor 6 and conductor 2, point Al or A2 is detected as actual pressed position, 
namely point A. This means that the detection of the press angle tends to involve an error. 

SUMMARY OF THE INVENTION 

10 An input device of the present invention includes a substantially ring-shaped resistor, 

which is provided with a pair of electrodes projecting from an outer periphery of the resistor 
along a Y direction and a pair of electrodes projecting from the outer periphery of the 
resistor along an X direction orthogonal to the Y direction, and a substantially ring-shaped 
conductor facing the resistor across a given clearance. The input device also includes a 

15 controller for successively applying a voltage between the pair of electrodes along the X 
direction and between the pair of electrodes along the Y direction when one of the resistor 
and the conductor is brought into contact with the other by pressing. The controller detects 
vectors in the respective X and Y directions based on voltages output from the conductor 
when the voltage is applied in the X and Y directions and determines, from a resultant vector 

20 of these vectors, an angle which a position of contact between the resistor and the conductor 
makes. Alternatively, the controller detects angles based on the respective output voltages 
of the conductor and determines, from a mean value of these angles, the angle which the 
contact position between the resistor and the conductor makes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptual illustration of an input device in accordance with a first and a 
second exemplary embodiments of the present invention. 
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FIG. 2 is a sectional view of the input device of FIG. 1 . 
FIG. 3 is an exploded perspective view of the input device of FIG. 1 . 
FIG. 4 is a sectional view of the input device of FIG. 1 undergoing pressing. 
FIGS. 5 A through 5C and FIGS. 6 A through 6C are conceptual illustrations of 
5 pressed point A of the input device in accordance with the first embodiment of the present 
invention. 

FIGS. 7 A through 7D are conceptual illustrations of pressed point C of the input 
device in accordance with the first and second embodiments of the present invention. 

FIGS. 8A ? 8B, 9 A and 9B are conceptual illustrations of pressed point A of the input 
10 device in accordance with the second embodiment of the present invention. 

FIG. 10 is a conceptual illustration of a conventional input device. 
FIGS. 11 A, 11B, 12A and 12B are conceptual illustrations of the conventional input 
device undergoing pressing. 

DETAILED DESCRIPTION OF THE INVENTION 
Exemplary embodiments of the present invention are demonstrated hereinafter with 
reference to the accompanying drawings. It is to be noted that the same reference marks 
are used for the same or similar elements, and the descriptions of those elements are 
simplified in the later embodiment. 
FIRST EXEMPLARY EMBODIMENT 

FIG. 1 is a conceptual illustration of an input device in accordance with a first 
exemplary embodiment of the present invention. Substantially ring-shaped resistor 26 is 
made of carbon or the like and has, at its outer periphery, a pair of electrodes 27A, 27C 
projecting in a Y direction and a pair of electrodes 27B, 27D projecting in an X direction 
orthogonal to the Y direction. Substantially ring-shaped conductor 22 is a good conductor 
made of copper or the like, faces resistor 26 across a given clearance and has, at its outer 
periphery, electrode 23 projecting in a specified direction. These electrodes 27A to 27D 
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and 23 are connected to controller 40 such as a microcomputer. 

As shown in FIGS. 2 and 3, conductor 22 is formed on a top surface of insulating 
substrate 21. Resistive sheet 25 is provided above insulating substrate 21, and resistor 26 is 
formed on a surface of sheet 25 that faces conductor 22. Insulating substrate 21 is formed 
5 with a plurality of wiring patterns (not shown) at its top and bottom surfaces. Resistive 
sheet 25 is formed of a flexible film of polyethylene terephthalate or the like. 

Spacer 24 having a through hole in the center thereof is placed between insulating 
substrate 21 and resistive sheet 25, so that conductor 22 faces resistor 26 across the given 
clearance. 

10 Substantially disc-shaped operating member 28 is provided above resistive sheet 25 

and has, in the vicinity of the center of its bottom surface, two bosses 28A forcibly fixed into 
respective holes 21 A of insulating substrate 21. This operating member 28 is made of, for 
example, elastic rubber or elastomer. Ring-shaped projection 29 projects from a border of 
the bottom surface of operating member 28 and has a round end contacting a top surface of 

15 resistive sheet 25 above conductor 22. In this way, the input device is constructed. With 
operating member 28 thus provided, resistor 26 can be brought into contact with conductor 
22 without fail by pressing resistive sheet 25 provided with resistor 26 directly with a user's 
finger or the like. Providing projection 29 at the border of the bottom surface of operating 
member 28 allows highly precise selection because any pressed position lies within a limited 

20 range. 

A description will be provided hereinafter of a method for detecting a press angle 
when a specified part of a top surface of operating member 28 of the above structure is 
pressed. 

When the outer portion of the top surface of operating member 28 is pressed by 
25 given force of a finger or the like, operating member 28 tilts as shown in FIG. 4, whereby 
projection 29 presses resistive sheet 25 which thus bows downward. Accordingly, resistor 
26 on the bottom surface of resistive sheet 25 is brought into contact with conductor 22 
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opposite, thus effecting electrical conduction between resistor 26 and conductor 22. A 
signal indicative of this electrical conduction is output from electrode 23 to controller 40. 

In a case where lower-left point A shown in FIG. 5 A is pressed, controller 40 applies 
a voltage with electrodes 27C 5 27A rendered negative and positive, respectively. Based on 
5 a voltage output from electrode 23, controller 40 detects lower-left point A or lower-right 
point B as the pressed position and finds vector VyO directed in the Y direction. 

Next, controller 40 applies a voltage with electrodes 27D, 27B rendered negative and 
positive, respectively, as shown in FIG. 5B, detects upper-left point C or lower-left point A 
as the pressed position and thus finds vector VxO directed in the X direction. 
10 Thereafter, based on resultant vector VzO of vectors VxO, VyO as shown in FIG. 5C, 

controller 40 detects angle 0 which point A forms as the press angle which the pressed 
position forms. 

A description will be provided next of a method for detecting a press angle when 
there is contact resistance Rs where resistor 26 and conductor 22 contact each other. 

15 First, controller 40 applies a voltage with electrodes 27C, 27 A rendered negative and 

positive, respectively, as shown in FIG. 6 A. Based on a voltage output from electrode 23, 
controller 40 detects point Al, which is located contact resistance Rs away in an upper-left 
direction from lower-left point A, or point Bl, which is located contact resistance Rs away 
in an upper-right direction from lower-right point B, as the pressed position and thus finds 

20 vector Vyl directed in the Y direction. 

Next, controller 40 applies a voltage with electrodes 27D, 27B rendered negative and 
positive, respectively, as shown in FIG. 6B. Controller 40 then detects point CI, which is 
located contact resistance Rs away in the upper-right direction from upper-left point C, or 
point A2, which is located contact resistance Rs away in a lower-right direction from lower- 

25 left point A, as the pressed position and thus finds vector Vxl directed in the X direction. 

Thereafter, controller 40 adds vector Vxl and vector Vyl as shown in FIG. 6C and 
detects angle 9 obtained from resultant vector Vzl as the press angle which the pressed 
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position forms. It is to be noted here that angle 0 which vector Vzl forms is the same as 
the angle which vector VzO not including contact resistance Rs forms. In this way, 
controller 40 performs precise detection of angle 0 which point A forms as the press angle 
which the pressed position forms, by eliminating a press angle error equivalent to contact 
5 resistance Rs. Based on press angle 0 detected, a cursor or a pointer is moved on a display 
screen for input or selection of various pieces of information. 

According to the present embodiment described above, controller 40 successively 
applies the voltage between the pair of electrodes along the X direction and between the pair 
of electrodes along the Y direction and detects the vectors directed in the respective X and Y 
10 directions based on the voltages output from conductor 22 when the voltage is applied in the 
X and Y directions. From the resultant vector of these vectors, controller 40 determines the 
press angle which the pressed position forms. The input device thus formed performs 
detection of the press angle that is unaffected by contact resistance Rs between resistor 26 
and conductor 22. Accordingly, the input device obtained is capable of highly precise 
15 detection of the press angle. 

In a case where upper-left point C shown in FIG. 7A is pressed, and contact 
resistance Rs is caused between resistor 26 and conductor 22 in this pressed position, a press 
angle is detected in the following manner. 

First, controller 40 applies a voltage with electrodes 27C, 27A rendered negative and 
20 positive, respectively, and detects vector Vy2 directed in the Y direction for point CI, which 
is located contact resistance Rs away in the upper-right direction from upper-left pressed 
position, namely point C. 

Next, controller 40 applies a voltage with electrodes 27D, 27B rendered negative and 
positive, respectively, as shown in FIG. 7B and detects vector Vx2 directed in the X 
2 5 direction for point CI. 

Thereafter, controller 40 adds vector Vx2 and vector Vy2 and detects, as the press 
angle which the pressed position makes, angle 0+a which resultant vector Vz2, namely 
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point CI makes. In other words, although controller 40 has determined the press angle 
from resultant vector Vz2, controller 40 has detected, as the press angle, angle 0+a which 
point CI including contact resistance Rs makes. 

In this case, controller 40 subsequently applies a voltage with the polarity of the 
5 voltage along, for example, the X direction reversed as shown in FIG. 7C. In other words, 
controller 40 applies the voltage with electrodes 27D, 27B rendered positive and negative, 
respectively, and detects vector Vx3 directed in the X direction for point C2, which is 
located contact resistance Rs away in a lower-left direction from upper-left pressed position, 
namely point C. 

10 Thereafter, controller 40 adds vector Vx3 and vector Vy2 as shown in FIG. 7D and 

detects press angle G obtained from resultant vector Vz3 as the press angle which the pressed 
position makes. In other words, controller 40 performs precise detection of angle 0 which 
point C forms as the press angle which the pressed position forms, by eliminating an angle 
error equivalent to contact resistance Rs. 

15 As described above, the press angle is preferably detected again by applying the 

voltage with the polarity of the voltage along the X or Y direction reversed. Controller 40 
can thus detect, with higher precision, the press angle which every pressed position makes, 
without being affected by contact resistance Rs. 

20 SECOND EXEMPLARY EMBODIMENT 

The structure of an input device in accordance with the present embodiment is 
similar to that of the first embodiment except a controller. In other words, as shown in 
FIGS. 1 through 3, substantially ring-shaped resistor 26 faces substantially ring-shaped 
conductor 22 across a given clearance. This resistor 26 has, at its outer periphery, a pair of 

25 electrodes 27A, 27C projecting in a Y direction and a pair of electrodes 27B, 27D projecting 
in an X direction orthogonal to the Y direction. Conductor 22 has electrode 23 projecting 
in a specified direction. In this embodiment, these electrodes 27A to 27D and 23 are 
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connected to controller 41, such as a microcomputer, and which has a different .method for 
detecting a press angle. In this way, the input device is constructed. 

A description will be provided hereinafter of the method for detecting the press angle 
when a specified part of a top surface of operating member 28 of the above structure is 
5 pressed. 

When operating member 28 tilts and presses a top surface of resistor 26 with given 
force as shown in FIG. 4, resistor 26 is brought into contact with conductor 22 opposite, thus 
effecting electrical conduction between resistor 26 and conductor 22. As in the case of the 
first embodiment, a signal indicative of this electrical conduction is output from electrode 23 

10 to controller 41. 

In cases where lower-left point A shown in FIG. 8 A is pressed, controller 41 applies 
a voltage with electrodes 27C, 27A rendered negative and positive, respectively. Based on 
a voltage output from electrode 23, controller 41 detects angles 0 from the negative 
electrode along the Y direction. In other words, controller 41 detects lower-left point A or 

15 lower-right point B as the pressed position. 

Next, controller 41 applies a voltage with electrodes 27D, 27B rendered negative and 
positive, respectively, as shown in FIG. 8B, and detects an angle from the positive electrode 
along the Y direction as 0 and detects an angle from the negative electrode along the Y 
direction as 0. In other words, controller 41 detects upper-left point C or lower-left point A 

20 as the pressed position. Based on these detections, controller 41 detects angle 0 which 
point A common in the detections makes as the press angle which the pressed position 
makes. 

It is to be noted that controller 41 does not adopt either angle 0 between electrode 
27C and point A of FIG. 8A or angle 0 between electrode 27C and point A of FIG. 8B, but 
25 determines a mean value of these angles 0 as the press angle which the pressed position 
makes. 

A description will be provided next of a method for detecting a press angle when 
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there is contact resistance Rs where resistor 26 and conductor 22 contact each other. 

First, controller 41 applies a voltage with electrodes 27C, 27A rendered negative and 
positive, respectively, as shown in FIG. 9A. Based on a voltage output from electrode 23, 
controller 41 detects an angle from the negative electrode along the Y direction as 9+ct 
5 which is obtained by adding angle a equivalent to contact resistance Rs to angle 0 which 
point A makes. In other words, controller 41 detects point Al, which is located contact 
resistance Rs away in an upper-left direction from lower-left point A, as the pressed 
position. 

Thereafter, controller 41 applies a voltage with electrodes 27D, 27B rendered 

10 negative and positive, respectively, as shown in FIG. 9B and detects an angle from the 
negative electrode along the Y direction as 0-a which is obtained by deducting angle a 
equivalent to contact resistance Rs from angle 0 which point A makes. In other words, 
controller 41 detects point A2, which is located contact resistance Rs away in a lower-right 
direction from lower-left point A, as the pressed position. 

15 In the present embodiment, the mean value of the angle obtained by the application 

of the voltage in the X direction and the angle obtained by the application of the voltage in 
the Y direction is detected as the press angle which the pressed position makes. 
Accordingly, controller 41 detects, as the press angle which the pressed position makes, a 
mean value of the angle obtained by the application of the voltage in the X direction and the 

20 angle obtained by the application of the voltage in the Y direction. In other words, 
controller 41 detects mean value 0 of angle 0-oc which point A2 forms and angle 0+a which 
point Al forms as the press angle which the pressed position forms. 

In this way, controller 41 performs precise detection of angle 0 which point A forms 
as the press angle which the pressed position forms, by eliminating an angle error equivalent 

25 to contact resistance Rs. Based on press angle 0 detected, a cursor or a pointer is moved on 
a display screen for input or selection of various pieces of information. 

According to the present embodiment described above, controller 41 successively 
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applies the voltage between the pair of electrodes along the X direction and between the pair 
of electrodes along the Y direction and based on the voltages output from conductor 22 
when the voltage is applied in the X and Y directions, detects mean value 9 of angles 0-ot, 
0+a, which are obtained by the application of the voltage in the X and Y directions, as the 
5 press angle which the pressed position forms. The input device thus formed performs 
detection of the press angle that is unaffected by contact resistance Rs between resistor 26 
and conductor 22. Accordingly, the input device obtained is capable of highly precise 
detection of the press angle. 

In a case where upper-left point C shown in FIG. 7A is pressed, and contact 

10 resistance Rs is caused between resistor 26 and conductor 22 in this pressed position, a press 
angle is detected in the following manner. 

First, controller 41 applies a voltage with electrodes 27C, 27 A rendered negative and 
positive, respectively, and detects point CI, which is located contact resistance Rs away in 
an upper-right direction from upper-left point C, as the pressed position. 

15 Even when controller 41 applies a next voltage with electrodes 27D, 27B rendered 

negative and positive, respectively, as shown in FIG. 7B, controller 41 detects point CI as 
the pressed position. In other words, pressed position CI obtained by the application of the 
voltage in the X direction and pressed position CI obtained by the application of the voltage 
in the Y direction are detected as the same. 

20 In this case, controller 41 subsequently applies a voltage with the polarity of the 

voltage along, for example, the X direction reversed as shown in FIG. 7C and detects point 
C2, which is located contact resistance Rs away in a lower-left direction from upper-left 
point C, as the pressed position. In other words, controller 41 applies the voltage with 
electrodes 27D, 27B rendered positive and negative, respectively, and detects, as the pressed 

25 position, point C2 located contact resistance Rs away in the lower-left direction from upper- 
left point C. 

Thereafter, controller 41 detects, as the press angle which the pressed position makes, 
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a mean value of angle 9+a which point CI, detected by the application of the voltage in the 
Y direction, forms and angle G-a which point C2, detected by the application of the voltage 
with the polarity along the X direction reversed, forms. In other words, controller 41 
performs precise detection of angle 0 which point C forms as the press angle which the 
5 pressed position forms, by eliminating an angle error equivalent to contact resistance Rs. 

As described above, the press angle is preferably detected again by applying the 
voltage with the polarity of the voltage along the X or Y direction reversed. Controller 41 
can thus detect, with higher precision, the press angle which every pressed position makes, 
without being affected by contact resistance Rs. 

10 In cases where no contact resistance Rs is caused, the angle obtained by the 

application of the voltage in the X direction becomes the same as the angle obtained by the 
application of the voltage in the Y direction. In this case, as mentioned above, the voltage 
is applied with the polarity of the voltage along the X or Y direction reversed for another 
detection of the press angle. Consequently, the correct press angle can be obtained. 

15 In the first and second embodiments, operating member 28 bows resistive sheet 25 to 

bring resistor 26 into contact with conductor 22. However, the positions of the resistor and 
conductor may be reversed to allow a sheet formed with the conductor to be bowed to come 
into contact with the resistor. Or a plane pad or the like may be used in place of operating 
member 28 to allow the user to directly bow resistive sheet 25 with the finger or the like. 

20 As described above, the input device of the present invention performs highly precise 

detection of the press angle which the pressed position makes whether the contact resistance 
is present or absent or whether the contact resistance is high or low. 



